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Title of Invention: 



EL Device and Its Fabrication Method 



[Area of Claims of Invention] 
[Claim 1] 

El (Electro-luminescence) device, which has multi-layer structure of: 

* electrical insulator substrate, 

* first electrode formed into required pattern, 

* first insulator layer, 

* electro-luminescence layer 

* second electrode 

laid in this order, or EL device described above but with second insulator layer inserted between 
luminescence layer and second electrode, is characterized by the fact that: 

* substrate is ceramic, 

* first insulator layer is high dielectric ceramic made of sintered powder material, 

* luminescence layer and second insulator layer are thin films, and 

* second electrode is transparent. 

[Claim 2] 

EL element, described in Claim 1, is characterized by the fact that first insulator layer is made of 
ceramic material of compound perovskite containing Pb. 
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[Claim 3] 

Manufacturing method of EL device, characterized by the fact that it includes following 
processes: 

* to make first green sheet by casting slurry mixture of binder and raw material powder mainly 
composed of oxides, 

* to make second green sheet by casting slurry mixture of binder and high dielectric oxide 
powder, 

* to print electrode on first green sheet, on second green sheet or on both green sheets. 

* to make multi-layer ceramic structure by laying second green sheet over first green sheet, and 
adhering them under pressure and sintering, 

* to make electro-luminescence thin film layer of such material as ZnS:Mn or SnS:TbFe, on 
multi-layer ceramic structure described above, 

* to make transparent conductive film to be used as transparent electrode. 
[Detail Explanation of this Invention] 

(Application Area of Invention) 

This invention relates to EL (Electro-luminescence) device used as flat display or surface light 
source, and to its manufacturing method. 

(Prior Art and Problems) 

Since the discovery in 1936 of electro-luminescence, emitting light by charging electrical voltage 
to fluorescence material, many research and development efforts have been made for application 
of this phenomenon to surface light source device or display device. Among may types of EL 
device structures proposed and evaluated, alternate current driven thin film EL device with 
inserted insulator film layer is being used today because of its good brightness characteristics and 
superior stability. In Fig. 2, basic structure of typical double layer insulator type thin film EL 
device is shown (SID74 Digest of Technical Papers p.84, SID74). It has multi-layer structure, 
where transparent electrode 22, made of ITO or nesa film, thin film first insulator layer 23, thin 
film luminescence layer 24, which is made of such electro-luminescence material as ZnS:Mn, 
thin film second insulator layer 25, and rear electrode 26, made of such material as Al thin film, 
are laid, in this order, on transparent glass substrate 21. First and second insulator layers are 
transparent dielectric thin films of such material as Y2O3, Ta 2 C>5, AI2O3, Si3N 4 , BaTiCb, or 
SrTi0 3 . They are formed by sputtering or vapour deposition method. Such insulator layer 
limits current which flows through luminescence layer, contributes to EL device stability and 
improvement of luminescence characteristics, as well as it improves reliability of EL device by 
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protecting luminescence layer from moisture or contamination of harmful ions. 

However, there are also several practical problems associated with such EL device. It is very 
difficult to eliminate insulator breakdowns over large area, profitability is poor, and high voltage 
is needed to drive device for luminescence because applied voltage is divided and only partial 
voltage is applied to insulator layer. Insulator layer material with good insulator voltage 
resistance characteristics must be used to solve the problem of insulator breakdowns. In order to 
reduce divided voltage portion applied to insulator layer, it is preferable to make insulator layer 
capacity large. From behavioral principle of alternate current driven EL device, electric current, 
which flows through luminescence layer and contributes to luminescence, is approximately 
proportional to insulator layer capacity. Therefore, to increase insulator layer capacity is 
important both to decrease driving voltage to be applied and to increase luminescence brightness. 
In short, insulator layer, with high insulator breakdown voltage and high capacity, is needed. 
From this point of view, value, dielectric constant (e) x insulator breakdown electric field (Eb.d), 
is widely used as indicator to express property of insulator layer. Value of s. • Eb.d., at least 
approximately 3 times that of ZnS luminescence layer, is practically needed (IEEE Trans. 
Electron Devices ED - 24, p.903 (1977)). Even if s is small, it is possible to accomplish large 
capacity insulator using insulator material with very large Eb.d., if very thin film is used. It is 
practically impossible to eliminate defects, such as minute dirt or attachment of very fine particles, 
from large surface area necessary for display equipment or surface light source, and to make thin 
insulator layer of required thickness of several 100 A or less 

From this point of view, usage of thin film of high dielectric constant has been considered. For 
example, attempt to lower driving voltage, using PbTi0 3 film formed by sputtering method as 
insulator layer, for example, is being made (IEEE Trans. Electron Devices ED - 28, p.698 
(1981)). PbTi0 3 film formed by sputtering method shows insulator voltage resistance of 0.5 
MV/cm with maximum relative dielectric constant of 190. However, temperature of substrate 
must be high and 600 °C when PbTi0 3 film is formed. This is not practical. Relative dielectric 
constant of sputtered SrTi0 3 film is known to have relatively good value of e. • Eb.d. (Japan 
Display - '83, p.76 (1983)). Relative dielectric constant of sputtered SrTi0 3 film is 140, 
insulator breakdown voltage is 1.5-2 MV/cm, and value of e. ■ Eb.d. is better than 19-25 
mc/cm 2 . This value is superior to PbTi0 3 's 7 mc/cm 2 of e. • Eb.d. However, high substrate 
temperature of 400 °C is also required when SrTi0 3 film is formed. There is practical problem 
of ITO transparent electrode turning into black by reduction. Also, adhesion to ZnS 
luminescence layer is poor. When insulator breakdown occurs in thin film EL device with 
insulator layer of relatively high dielectric constant, breakdown will not stop as self recovery type 
breakdown leaving only small breakdown holes, but it tends to become fatal, propagating type 
breakdown. 

As explained above, it is practically impossible to achieve low voltage drive, high brightness, 
good luminescence characteristics and good stability against insulator breakdown when insulator 
thin film layer with large dielectric constant, 8. • Eb.d., is used. 
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Expensive and alkali-free glass substrate with high softening point must be used because of heat 
treatment process used to improve stability or characteristics of EL device This adds to high 
cost of thin film EL device. Even if such expensive glass is used, temperature of manufacturing 
process must be kept below 600 °C. Relative resistance of ITO film, used as transparent 
electrode, is not small enough, and since insulator breakdown tends to occur at edges when 
thicker ITO film is used, it must be less than 0.2 \i thick. Therefore, electrode resistance cannot 
be made sufficiently small. These have been obstacles against making display device with large 
display area and with large display capacity. 

As described before, in thin film EL device of prior art, component materials were expensive and 
profit was low. Since expensive driving circuitry with high voltage resistance was necessary, it 
was inevitably expensive as display equipment, and making large surface area was difficult. 

(Purpose of the Invention) 

As described above, purpose of this invention was to offer EL device with high reliability, low 
driving voltage, and high brightness without problems associated with EL device of prior art, 
made of multi-layer thin film on glass substrate, and to offer its manufacturing method 

(Structure of Invention) 

According to this invention, EL device of following structure can be manufactured: thin film 
luminescence layer, made of such material as ZnS:Mn, ZnS:TbF 3 , ZnS:SmF 3 , thin film second 
insulator layer, and transparent electrode layer, made of such material as ITO transparent 
conductive film, are placed on multi-layer ceramic structure of ceramic layer, thick electrode film 
shaped into required pattern, and high dielectric ceramic first insulator layer, made by green sheet 
method, or of same structure as above except that thin film second insulator layer is eliminated. 
Also, manufacturing method of EL device, having first insulator layer made of compound 
perovskite containing Pb as part of multi-layer ceramic structure, and using low temperature 
sintering below 1000 °C, can be obtained. 

(Detail Explanation of Structure) 

Basic structure of EL device of this invention is shown in Fig. 1. It is composed of multi-layer 
ceramic substrate structure, made of ceramic substrate 11, thick film first electrode 12, high 
dielectric ceramic first insulator layer 13, and thin film luminescence layer 14, formed by vacuum 
vapour deposition, sputtering or CVD method, thin film second insulator layer 1 5 and transparent 
second electrode 16. Its structure may also be single insulator type without thin film second 
insulator layer. Luminescence layer and second insulator layer are the same as those used in 
ordinary thin film EL device. This invention is characterized by the fact that first insulator layer 
is made by low temperature sintering process using compound perovskite containing Pb as raw 
material. Since EL device of this invention is to be viewed from transparent electrode side, 
which has multi-layer structure on ceramic substrate, ceramic substrate, first electrode layer and 
first insulator layers do not have to be transparent. This is different from ordinary device which 
uses glass substrate. It is even preferable if they are colored dark for increased display contrast. 
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Such multi-layer ceramic structure is fabricated using ordinary green sheet layer technique. To 
make substrate, binder is mixed with ceramic raw material powder and make mixture into slurry, 
from which green sheet is made by casting. First electrode, which is ceramic internal electrode, 
is printed, by such method as screen printing, on green sheet. Green sheet for first insulator 
layer is made from high dielectric material using similar process. Thick film printing to form 
first electrode may be done by printing on green sheet. Sintered multi-layer ceramic structure is 
made by adhering substrate and first insulator layer green sheets together under pressure to 
enclose thick film electrode surface. Substrate may be made with same material as that used for 
first insulator layer. However, in order to lower material cost and to decrease electrode capacity, 
it is preferred to use such low cost insulator ceramic of low dielectric constant as alumina type 
material or its mixture with fine glass powder. EL device displays luminescence in area defined 
by first and second electrodes. Therefore, electrode has both functions to provide electric 
current and to display pictures. Electrode will be of specific pattern depending on each 
application. Patterns of first electrode is formed easily by printing. Extremely fine electrode 
pattern is rarely required for display panel of EL device. Therefore, screen printing method is 
adequate. It has advantage that electrode can be made at low cost on large surface area. When 
fine pattern is required, photo-lithographic technique may be used to form thick film electrode 
pattern. 

As described above, EL device of this invention has structure where thin film luminescence layer 
is formed on multi-layer ceramic structure with electrode covered between first insulator layer 
and substrate, and by making insulator layer, an important component of alternate current type EL 
device, with ceramic, large insulator layer capacity and high insulator breakdown strength have 
been achieved. When ordinary material is used, relative dielectric constant of insulator layer of 
thin film EL device of prior art is usually 5 - 25. Relative dielectric constant of thin film 
produced with such material as PbTi0 3 even under strict manufacturing conditions is only 100 - 
200. On the other hand, when suitable high dielectric material is chosen, ceramic layer obtained 
by sintering green sheet of this invention could easily achieve relative dielectric constant as high 
as 10,000 or more. Since dielectric constant is so large that e • Eb.d. value is several tens times 
to 100 times larger than that of thin film insulator layer of prior art. For example, even if 
thickness is 30 ^i, capacity of first insulator layer is 2 orders of magnitude larger than those of 
materials such as Y 2 0 3 , Si 3 N 4 , Ta 2 0 5 , A1 2 0 3 , used in ordinary thin film EL device. Even when 
it is compared with previously mentioned PbTi0 3 or SrTi0 3 thin film as thin film insulator layer, 
ten times larger capacity can easily be achieved. Also, EL device without insulator breakdown 
can be achieved since it can be used with thickness of several tens ji. Therefore, by using high 
dielectric ceramic insulator layer, large capacity insulator layer, which is stable against insulator 
breakdown, can be produced. It can be driven with low voltage and it has high brightness 
luminescence characteristics. 

Large surface area with uniform thickness can be made with ceramic insulator layer of such high 
dielectric constant at low cost using green sheet method. It is preferable to have thickness of 
several \x or more because of manufacturing problems and stability as EL device.. If it is made 
thicker, stability against local insulator breakdown will improve. Thickness of 300 \x or less is 
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preferable since capacity will decrease inversely proportional to thickness naturally, although 
stability against local insulator breakdown will improve by increasing thickness, and because of 
cross talk problems with neighboring display pixels. It is preferable to make relative dielectric 
constant of ceramic layer more than several 10s. With appropriate choice of materials for 
components, it is possible to manufacture high dielectric ceramic layer of 1,000 - 20,000 using 
green sheet method. However, high temperature sintering in oxidative atmosphere is generally 
required so that expensive precious metal paste such as Pt, Au or Pd has to be used for first 
electrode. There are special materials of BaTi0 3 series which can be sintered in neutral 
reducing atmosphere, and nickel can be used as electrode material. However, it is most 
preferable to use high dielectric material represented by compound perovskite containing Pb, 
which can be sintered at low temperature, when ease of manufacturing and stability of 
characteristics are considered. Inexpensive Ag or Ag-Pd alloy with high Ag content can be 
used. 

Luminescence layer is formed on multi-layer ceramic structure, described above, by thin film 
process such as vapour deposition or sputtering method to manufacture EL device of this 
invention. In order to improve surface condition, surface of multi-layer ceramic structure may 
be polished before luminescence film layer is formed, but there is no special disadvantage even if 
luminescence layer is formed directly without polishing. 

(Embodiment) 

Binder material was added to powder mixture of alumina and boro-silicate glass, and mixture was 
made into slurry. Then, green sheet was made by film casting to form ceramic substrate of 0.7 
mm thick A stripe pattern was screen printed on this raw ceramic sheet using Ag-Pb (atomic 
ratio - Ag:85% and Pd:15%) paste. Stripes were 0.33 mm wide with a pitch of 0.55 mm. 
Green sheet of 40u thick for first insulator layer was formed by mixing binder with pre-sintered 
powder of Pb(Fe 2 /3Wi /3 ) 0 .3 (Fe^Nbi^ojCb, low temperature sintering compound perobskite 
material containing Pb. This green sheet was placed over other green sheet for substrate with 
aprinted pattern. They were adhered together under pressure. After excess material at edges 
was trimmed off, layered ceramic structure was made by sintering at 950 °C. Shrinkage of 
approximately 10% was observed but there was no warping. Then, ZnS:Mn was vapour co- 
deposited in vacuum as 0.3 u thick film using ZnS and Mn. In order to improve luminescence 
characteristics, it was heat-treated at 650 °C for 2 hours under Ar atmosphere. Then, using 
target mixture of Ta 2 0 5 and A1 2 0 3 , 0.3 u thick insulator layer of TaAlO was formed by sputtering 
method. A striped transparent electrode was made by forming 0.4 u thick ITO film by sputtering. 
This film was etched 0.3 u wide with pitch of 0.5 mm in perpendicular direction to stripes of Ag- 
Pd thick film electrodes. Unit area resistance was approximately 5 Q and low because film was 
0.4 u and thick. 

Because capacity of first insulating ceramic layer was very large, voltage drop across this layer 
was negligible. Crystallinity and Mn distribution improved after high temperature heat 
treatment of luminescence layer. Because of low electrical resistance, luminescence trigger 
voltage by pulsed alternating current was low and 55V. Brightness of light at 80V and 500Hz 
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was approximately 500 cd/m 2 " It showed good luminescence characteristics. When non- 
symmetric insulator structure without second insulator thin film layer was used, current was large, 
and luminescence efficiency was poor but luminescence trigger voltage was low and 40V. 
Luminescence brightness was approximately the same. With EL device made in Embodiment 
there was absolutely no insulator breakdown and luminescence was highly stable with voltage up 
to 200V,. 

Similarly good luminescence and stability were obtained with green light emitting ZnS:TbFe or 
with red light emitting ZnS:SnFe, in addition to ZnS:Mn. This shows that EL device structure 
of this invention is effective. 

(Effects of Invention) 

EL device of this invention, as explained above, is highly stable, can be driven with low voltage, 
has high brightness, has high contrast and electrode resistance can be made low. Therefore, this 
device makes segment display and dot matrix display with large display capacity possible. 
There is almost no damage of device due to insulator breakdown, and profit margin has been 
improved. Using multi-layer ceramic structure and thick film process decreases cost compared 
with using expensive glass electrode and thin film process. Low driving voltage reduces driving 
circuitry part very much, and industrial value of this invention is enormous. 

[Brief Explanation of the Figure] 

Figure 1 shows cross section of EL device model of this invention. Figure 2 shows cross section 
of thin film device structure of prior art. 



11... 


ceramic substrate, 


12... 


thick film first electrode, 


13... 


high dielectric ceramic first insulator layer, 


14, 24... 


thin film luminescent layer, 


15,25... 


thin film second insulator layer, 


16... 


transparent second electrode, 


21... 


glass substrate, 


22... 


transparent electrode, 


23... 


thin film first insulator layer, 


26... 


rear electrode. 



7T .(JB10J 

RAJ 




u * lift 5? * Jt n -film I uminescf^ fay 



^^^^^^^^ z5 ^ w ^ 2 42,| m x n i tr&ulatfvr 

u % m men ^m41lfn luminesces /ayer 



V/a//J^AHAm&^ 23 * a si fl/rt 1st] elector 



